The inductive response of metals to applied fields with trapezoidal time dependence i s described for samples with cylindrical geometry and for slabs. The influence of coil effects and magnetoresistance is accounted for but mean free path and surface effects are ignored. Experimental data obtained for tin show a close agreement with the theoretical predictions.
Introduction 2. Theory
Conductivity measurements by means of inductive methods are widely used and sometimes have advantages over others. In principle two shapes for the wave form of the varying field component are considered: sinusoidal fields [1 ] and ramp fields [2] . The latter method was discussed by Clark et al. [3] and Callarotti et al. [4] . The merits of both methods were analyzed by Wejgaard and Tomar [5] .
Mean free path effects in inductive measurements were discussed by Reuter and Sondheimer [6] , Dingle [7] and Cotti [8] for slabs. This theory for a fiat boundary was applied by Llyal and Cochran [9] to cylindrical samples with radii much larger than the mean free path. A general solution for cylindrical geometry was obtained by the authors [10] . The effect of surface roughness was treated by Fal'kovskii [11 ] . In this paper we will consider the response of cylindrical samples and slabs subject to applied fields with trapezoidal time dependence (see fig. 1 ). The method has several advantages over the two mentioned above, particularly when at fields between the extreme field values phase transitions occur due, for example, to superconductivity [16, 17] . In the present theory no restrictions on the field dependence of the conductivity over the width of the tickling field will be made, but mean free path and surface effects will be ignored. As can be seen from the derivation below not only the conductivity but also its field dependence can be obtained in one single measurement.
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We will consider an infinitely long non-magnetic cylinder of unit radius. The applied induction will only have a component parallel to the axis of the cylinder. In cylindrical coordinates V X ~V= -a/~/a t, v x H = d and J= oE can be combined to the standard equation
Implicitly two restrictions are made here. First, all mean free path effects are neglected. Secondly, it is assumed that the variations of the induction Bz(r,t ) inside the sample due to the induced currents are so small that o can be considered to depend on the applied induction Ba(t ) = Bz (1,t ) (1 -e-p2t/u°°°) ). (7) Hence, with the help of (4) B(r,t) = a{t -2UoOo
From (8) it follows that the average induction in the sample Bav(t ) equals
where the boundary condition (2b) has been used. From now on the suffix z will be omitted.
Substitution of (2d) gives:
The voltage induced in the pick-up coil, diae to the flux change in the sample, is proportional to the value of EO at the sample surface: Since E¢(0) = 0 we obtain Npp-2 __ Z. It can be shown [ 13 ] that
Here the transform of boundary condition (2) J3(p,0) = 0 has been applied. In the absence of magnetoresistivity o = o 0 is a constant and (6) reduces to (6) which allows for numerical evaluation of Bay and Ee at larger values of t. For instance, in that case (9) reduces to
showing the parabolic induction distribution inside the cylinder. This distribution will be built up in a realistic values of these quantities seperately to understand their influence on the measured behaviour. The influence of coils effects was discussed by Callarotti and Alfonzo [4] for ramp fields and by Van de Klundert et al. [14] for sinusoidal time dependence. Since, as in ramp fields, coil effects in trapezoidal wave forms can lead to considerable errors, we will discuss this case in some detail.
Let the coil generating the applied induction have self-inductance L and series resistance R. The time dependence of the applied voltage to the circuit be linear with time for t > 0. Then the time dependence of B a in an increasing field will be given by O time rl. For an accuracy of 1 70° rl must be at least 7 times the largest response time in (8) .
When at t = t 1 the external induction is kept constant the value of E~ will decay to zero according to
E¢(t) =-2a ~ p-2 e-p2(t-tl)h~oao.
(13) P ffa(t) = 0, t < 0, = a{t -T00 -e-t/r0)}, t > 0,(15)with T 0 = L/R.
The solution of the transformed equation (5a) then reads
This is a consequence of the boundary conditions
The behaviour ofBa(t ) and E~(t) for a complete cycle is shown in fig. 1 . For samples of radius R, eq. (11) must be replaced by
In (10) and (13) the quantity/%% must be replaced by Po%R 2. An anologuous derivation can be given for a slab. The important relations are given in the appendix.
Coil,effects
In the above derivation two assumptions concerning the time dependence of the applied induction and the B-independence of a were made which in the general case will not hold. We therefore will consider more 
ff(p,t) = e-t/rp f dr er/rp B'a(r)Jl(p)/(pTp)
0
with rp = P0o0/P 2. The following results are now obtained: 
The expressions are put in such a way that they are most suitable for numerical evaluation. They reduce to those of the previous section by putting 1"0 = 0. Substitution of o 0 = 0 (i.e. 1"p = 0) gives the correct expressions for empty coils, determining the last terms as the eddy current contributions. The above expressions can readily be adapted in order to describe the time interval where the applied induction decays exponentially to a constant value. The corrections, due to taking account of the finite values of 1"0, show up in a more pronounced way in the shape of E~(t) vs. t than in the "hysteresis" curve where Bay(t) is plotted as a function Of Ba(t). In fact aEe~/a t = ~o, whereas OE~/at = 0 at t = 0. If we consider a small time constant for the coil, i.e. 1"0 < 1"p, where Pl is the first root of J0(p) = 0, it can be said that the effect of the self-inductance is to shift Ec~(t) over a time interval 1"0 to approximately E~(t). This is shown in fig. 2 . The main changes in the hysteresis loop will occur around t = 1"0 not affecting the final apparent magnetization proportional to AB 1 = -~a/a0o 0. It is therefore concluded that evaluation of this quantity may have advantages over plotting E~(t) vs. t on a semilog plot. The influence of r 0 on AB is shown in fig. 3 . 
Bdependence of o
The next extension of the theory deals with the fact that a may not be a constant but will vary with B. In order to reduce the calculations we assumed in section 2 the variations of B inside the sample to be small compared to the total variation of the applied induction. We may then regard o only to depend on Ba, so o(Ba) = OB(t). Eq. (1) can then be rewritten as a2B 1 aB aB
Or 2 + r a--r = laO°B at"
According to (6) and (4) the solution of (20) In fig. 4 the time dependence of E~ given by (24) is shown. It should be noted that the relaxation of E~ to a constant value does not imply the absence of magnetoresistivity, since finite values of do/dB also allow for this effect, as can be seen from (25). Moreover, it is obvious from (25) that E~ will take the limiting value of -½a when do/dB = O. Another analytically solvable problem is the case when o jumps discontinuously from one constant value, o0, to another constant value, o 1. Let this jump occur at t ---0. Then the boundary conditions are
The transform of (26a) reads
Analogously to (6) the solution of the transform of (20) for t > 0 is given by
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E~(t) curves; (c) the corresponding Ba(t) -Bay(t) curves.
From this result one can derive (,
In fig. 5 Ec~(t) and Ba(t ) -Bav(t), as obtained above, are shown.
Experiments
Measurements have been performed on a polycrystalline tin ellipsoid with axes of 30 and 5 mm.
The ellipsoidal shape was chosen in order to avoid hysteresis in superconducting transitions. Girard et al. [15] have shown the absence of the above effect in samples of this shape in contrast to even long thin cylinders. Although the superconducting transition is not studied in this paper, it will be the subject of future investigations which will be reported. The pickup coil was wound around a middle section of the ellipsoid over a length of 10 mm. In addition to the inductive measurements the dependence of o on B was determined by a standard d. This empirical relation enables us to find an analytical expression for g(r), but Ip has to be evaluated numerically.
The typical result for E~ vs. t is shown in fig. 6 . It can be seen that the calculated and measured curves are in close agreement. It may be noted now that in the present state of the investigations it is possible to verify an assumed B dependence of o direct from one measurement. However, due to the memory effect, represented by the integrals Ip, the reverse only can be done by iterative processes. An indication on the B dependence of o can already be obtained from the Bay -B a vs. t curve.
Finally we wish to draw attention to the fact that in the presented calculations we only allowed for variations in o and considered/a 0 as a constant. As can be seen from (20) Preliminary experimental results relevant to those latter cases have already been reported elsewhere [16, 17] . It has also been demonstrated there that the use of fields with linear time dependence has the advantage of allowing for a direct determination of the B dependence of the quantity ~a. A more detailed analysis will be the subject of a forthcoming paper.
a2B aB
Ox 2 = ~tO° O-~' (1')
B(O,t) = BOr, t) = Ba(t ) = at. (2d')
The finite Fourier transform [12] and its inverse are given by
For the average induction in the slab one finds
Bav(t)=t~{t-~2PO°O ~ k-4(1-e-k2t/~°°°)}.

k=odd (9~)
The induced electric field at the sample surface is
__8
Ey(Tr,t) = ~rre 1 -rr 2 ~, k-2 e -kh/#°a°} =-Ey(O,t). Finally the parabolic flux distribution is shown by the asymptotic behaviour of (8') Ba(t)
B(x,t) =' -~O~UoOoX(rr -x).
(12')
The influence of the sample geometry is illustrated by fig. 7 , where the induced voltage is shown for both cases considered in this paper.
